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NOTES ON THE NATURAL AISTORY OF THE 
WILMINGTON REGION. 





H. V. WILSON, 


A brief collecting trip to the vicinity of Wilmington, 
N. C., made about the middle of April, greatly impressed 
me with the natural history advantages of the region. I 
publish these few notes in the hope that they may be of 
service to other naturalists who think of visiting the 
Southern coast. 

In Wilmington itself no one can fail to notice the ad- 
mirable shade tree, the laurel oak (Quercus laurifolia 
Michx.), socommon along the streets. This tree in Wil- 
mington passes under the name of water oak; in South 
Carolina it is known as the Darlington oak. Its straight 
bole, symmetrical top and moderate size give it an ele- 
gance of shape well suited to city streets, and the im- 
pression of finish is heightened by the glossy aspect of 
the toliage. 

From the city there runs a most excellent road, eight 
miles long, to Wrightsville, a settlement on the coast. 
The road is a well kept shell road, smooth, hard, and 
good for bicycling. Scrub oaks, elms, long-leaf pines 
and cypresses edge it, and near the sound the full green 
heads of the live oaks are seen on all sides. In the open 
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meadow-like places (savannahs) to the right and left of 
the road there grow in great abundance insectivorous 
plants, the most interesting members, to the general bi- 
ologist at least, of that rich Wilmington flora made 
known through the labors of Curtis, Wood and other 
systematic botanists. The vellow-flowered pitcher plant, 
Sarracenia flava, dots the savannahs in all directions; 
its great flower (four inches wide) upheld by a scape one 
to two feet, making it a conspicuous object. The fly-trap, 
Dionea, and sun-dew, Drosera, neither in flower at the 
time of my visit, are scattered thickly about. Intermin- 
gled with these are a blue and vellow species of butter- 
wort, Pinguicuda, their bright flowers standing out 
clearly against the (at this time) brownish savannah and 
often leading one to patches of Divnea and Drosera, 
which otherwise would have been passed by unnoticed. 
These five insectivorous planis may sometimes be found 
growing together in a little patch of ground, scarcely 
larger than a square foot. 

Che topography of the Wrightsville district is that 
characteristic of the Carolina coast, and in a Jess deeree 
of the Southern coast in geseral. A sound separates the 
mainland from a seaward strip of land, known as the 
‘banks.’ Wrightsville, largely made up of houses occu- 
pied only during the summer, is on the mainland. Oppo- 
site it, on the banks, is a newer summer settlement. 
Between the twe, the sound is crossed by a railroad tres- 
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tle, the piles of which afford good collecting. 

The sound something less than two miles wide, is 
divided into a narrow outer portion, adjoining the banks 
and known as the banks channel, and a wider inner por- 
tion, studded with sandy-mud shoals. The banks chan- 
nel isa narrow but pretty boating ground, opening out 
to sea through two inlets. one recently made in a heavy 
storm. * Along the iguer edge of the channel lie some js- 


lands, the ‘hammocks,’ wooded with live oaks, about 
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which jackdaws (OQv/sca/us major) were flying. This 
bird is said to spend the winter here. 

At high water one can sail over many of the shoals of 
the inner part of the sound, but at low water the course 
from the mainland to the banks channel is a meandering 
one. ‘Vhe shoals are alive with worms, Arenicola, Diéo- 
patra, Clymencila and other annelids, along with the 
great Balanoglossus, were dug up in quick succession. 
The reddish egg masses of Arenico/a lay about in abund- 
ance on the flats. The low water collecting in the shval 
part of the sound is very easy. Pushing along in a skiff 
through the shallow channels between the flats, one finds 
starfish (As/erias), the red and white sea-urchins (A rda- 
claand Toxopnreustes), abundant crabs and other common 
bottom forms. Scattered about over the bottom in great 
numbers is the interesting anemone, Cerianthus america- 
nus. The tubes that were dug up were something over 
a foot in length; they contained animals, which of course 
had greatly contracted, about six inches long. This dis- 
tinctively Southern actinia, originally found on the South 
Carolina coast by Professor Louis Agassiz (Verrill, Re- 
vission of the Polypi of E. Coast of U. S., p. 32. Mem. 
Boston Soc. Nat. Hist., Vol. I.), has been observed by 
Mr. Wm. Stimpson and Professor McMaurrich at Beau- 
fort, N. C., where I have seen it myself. It is, however, 
far more abundant at Wrightsville, and any one wishing 
to work out the life-history of this remarkable form could 
find no better locality than the latter place. I may add 
that the reproductive organs of the specimens I collected 
were very small. The breeding season probably comes 
on later. 

Just before high water I towed in the neighborlibod of 
the old inlet. As I had anticipated from previous expe- 
riences in Beaufort harbor at this time of year, not much 
of interest was in the water. Small hydromeduse, crus- 
lacean larvae, abundant Sugit/as, make up the tow stuff. 
Later in the vear, doubtless as at Beaufort, the towing is 
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excellent. I am told that abundant large jelly-fish and 
Portuguese men-of-war make their appearance in August 
and September. 

The sea-beach has a very gentle slope, and judging in 
part from specimens sent me by Mr. Chas. M. Whitlock, 
of Wilmington, many things of interest are to be had just 
beyond the line of breakers, where the sea is frequently 
calm enough to permit collecting. In the main the 
Wrightsville fauna is evidently very similar to that of 
Beaufort (see the lists in Studies of Biol. Lab. Johns Hop- 
kins Univ., Voi. IV., No. 2, and the list of annelids by 
Professor Andrews, Proc. U. S. Nat. Mus. Vol. XIV,, 
No. 852). I may add that some of the local collectors 
would recognize, froma description, many of the striking 
forms, such as Charloplerus, Chalina arbuscula, Lepto- 
gorgia virgulata, all of which may be had here.’ 


1From Science N. S., Vol. VI. No. 135. July 30, 1897. 


(CONTRIBUTIONS TO THE. CHEMISTRY OF ZIRCONIUM. No. 6.) 


THE OXALATES OF ZIRCONIUM. 


BY F. P. VENABLE AND CHARLES BASKERVILLE. 


The text-books of chemistry make either very little or 
no reference to the oxalates of zirconium. Beyond an 
occasional reference to the oxalate or basic oxalate gotten 
by precipitating oxalic acid or en oxalate, we can find lit- 
tle mention of these compounds. Behrens, in his micro- 
chemical work, speaks of an oxalate prepared as colorless 
pyramids by precipitating a solution of zirconium sulphate 
with potassium binoxalate, but no analyses are given, and 
the crystals ceuld scarcely have been the pure oxalate. 
Paykull' speaks of double oxalates being prepared with 
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the alkaline oxalates (1:2) and of his failure to prepare 
the neutral oxalate. His methods, and indeed full results, 
are unknown to us, as we did not have access to the orig- 
inal paper. | 

We may summarize the work which follows in the suc- 
ceeding pages by saying that we found it possible to pre- 
pare the basic oxalates by precipitation. This was usu- 
ally in the form of Zr(C,O,),, Zr(OH),, though other ratios 
were gotten. The neutral oxalate we did not succeed in 
preparing, but instead the tendency seems to be toward 
the formation of the acid oxalate, Zr(C,O,),.H,C,O,.8H,O. 
This tendency toward the formation of acid salts was 
shown also in the double oxalates. Two of these were 
prepared. For sodium, Zr(C,O,),,3Na,C,O,.H,C,O,.5H,O, 
and for potassium the salt [Zr(C,O,),],.(K,C,O,),.H,C,O,. 
8H,O. The oxalate with amonium as a constituent was 
not so easy of preparation in a pure state. The com- 
pound secured-was Zr(C,O,),.2(NH,),C,O,. The experi- 
ments and analyses are given in detail. 

ZIRCONIUM OXALATES. 

The Oxalate Gotten by Precipitation.—On the addition 
of a saturated solution of oxalic acid to a slightly acid 
solution of zirconium chloride until no further precipita- 
tion occurred, a gelatinuous precipitate formed which had 
very nearly the composition Zr(C,O,),.2Zr(OH),. Analy- 
sis I gave Zr, 46.39, and C,O,, 30.89, instead of the theo- 
retical 46.40 and 30.93 respectively. The filtrate from 
this was turbid, and on standing yielded another precipi- 
tate which had nearly the coraposition 2Zr(C,O,),.3Zr 
(OH),. 

The basic oxalates are very difficultly soluble in acids, 
and of extremely fine subdivision, settling slowly and 
passing through even the best filters. It does not seem 
probable that they could be secured of very constant com- 


1Ofv. af. Vet. At. Férhandl. ref. in Ber. d. chem. Ges., 12, 1719, 
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position. Probably basic oxalates with many different 
ratios between the oxalate and the hydroxide might be 
secured. On drying at 100°, or even a little lower, the 
oxalic acid is gradually volatilized and lost. This is true 
of all the oxalates and double oxalates prepared so that 
the only mode of drying these preparations was between 
hiter paper. 

The Acid. Oxalate Prepared by Crvstallization.—In 
preparing this oxalate, zirconium hydroxide was dissolved 
in oxalic acid. The hydroxide is quite soluble in oxalic 
acid, and a concentrated solution is readily obtained. <A 
considerable excess cf the acid is required to hold the oxa- 
late thus formed in solution. If this solution be acidified 
by means of hydrochl 
obtained settling very slowly, easily passing through the 


ric acid a very fine precipitate ts 


best filter papers and insoluble even in a considerable 
excess of the acid, but soluble in concentrated sulphuric 
acid. This precipitate was not analyzed; nor were the 
exact conditions of its formation determined, as its exam- 
ination did not promise results of sufficient importance to 
justify overcoming the difficulties in the way. 

On evaporating the acid solution of the oxalate the excess 
of oxalic acia first crystallized out. In the various prep- 
arations made, the first one or two crops of long crystals 
were found to be nearly pure oxalic acid, and were rejected. 
Th n the form o: the crystals changed to small granular 
or prismatic masses, and with each succeeding crop of 
crystals the percentage of zirconium increased, reaching 
speedily an approximately constant ratio. No difference 
in the forma of the crystals in these different crops could 
be detected on superficial examination, and hence it was 
impossible to distinguish between the zirconium oxalate 
and the oxalic acid almost free of zirconium, except by 
analysis. In no case was the normal oxalate secured. 
The analyses showed a tendency toward the formation of 
an acid oxalate and to mixtures of this with the normal 
oxalate. These mixtures were gotten in the later crys- 

















ba | 


ELISHA MITCHELL SCIENTIFIC SOCIETY. 


tallizations, but the last crystallization, when nearly the 
whole would solidify into a crystailine mass, showed 
decreased percentages of zirconium. It is possible that 
larger amounts than we had at our disposal would enable 
one to so fraction the crystalizations as to secure a pure 
oxalate. It is, however questionable whether the normal 
oxalate can exist in solution without admixture with some 
oxalic acid. 

Four series of crystallizations were made, and in two 
cases fairly abundant crops of crystals corresponding to 
the acid oxalate were obtained. In each series enough of 
the zirconium hydroxide was taken to form about twenty 
grams of the oxalate. 


First series. Second series. 
Sixth faaction. Fifth fraction. 
Il. mm. Zr(CegOQq)e.HeCoOy. 
| RE ee eee 25.28 25.53 
eee ae 74.55 74.72 74.47 


These are calculated upon the water-free basis. The 
crystals contained 29.34 and 29.27 per cent. of water 
respectively, where the salt Zr(C,Q,),.H,C,O,.8H,O con- 
tains 28.90 per cent. Other crops of crystals contained 
percentages of zirconium not ‘varying greatly from those 

rTN 
The percentage 


g 
given above as 28.14, 27.62, 24.9, 23.83. 


of zirconium in the normal oxalate is 33.96. 
ZIRCONIUM SODIUM OXALATE. 


The addition of sodium oxalate to a slightly acid solu- 
tion of zirconium chloride gives a gelatinous white pre- 
cipitate. Most of this dissolves in an excess of the oxa- 
late. The undissolved portion settles to the bottom, and 
after prolonged standing, a second layer of a more pow- 
dery appearance forms. This can also be gotten by con- 
centration of the filtrate from the first precipitate. An- 
alysis showed that the first gelatinous precipitate was 
chiefly Zr(OH),. The second precipitate was a double 
oxalate of zirconium and sodium, but was either of incon- 
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stant composition (varying ratios of sodium to the zir- 
conium), or was decomposed by the washing. 
The analyses, calculated on a dry basis, gave: 


Iv. Vv. VI. 
Ms benskkinennes $3.12 46.86 41.98 
sake aewsctnewsuten 9.16 4.10 1,07 
SRE etude akabawn 38.06 39.64 42.95 


If the solution made with the excess of the sodium oxa- 
late was diluted considerably with water, a gelatinous pre- 
cipitate was formed, very fine andinsoluble. Precipitates 
were also formed by the addition of hydrochloric acid. 
This mode of forming the double oxalate was abandoned, 
and the following method was adopted with greater suc- 
cess. Zirconium hydroxide was dissolved in an excess of 
oxalic acid, and to this a concentrated solution of sodium 
hydroxide was added, bringing it nearly to neutralization. 
When the solution was concentrated an abundant 
crop of crystals was obtained on cooling, a good dal of 
heat being evolved in the mixing. Further evaporation 
yielded other crops of crystals. These were washed, dried 
between filter paper andanalyzed. The results are given 
in the following table: 


VIL. VIII. x. Calculated. 
Dk cavecmawess 18.14 17.46 17.75 18.19 
ee ee 12.59 12.66 12.78 11.93 
vs rere e 69.27 66.89 69.47 69.88 


These resuits show a somewhat wide variation from 
those calculated. This probably arises from the fact 
that the fractions were not composed of the crystals of a 
single kind of oxalate, but had other oxalates mixed with 
them in small amounts. Examined under a magnifying 
glass they seemed to be homogeneous, but the different 
crops could not be distingu shed from one another. They 
were all small, hard prismatic crystals, somewhat diffi- 
cultly soluble in water. One set of crystals, the aualy- 
sis of which is reported under VII in the above table. was 
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redissolved in water and recrystallized. On analysis it 
yielded the following results: 


Vil. IX. 
RE ee ere ee ree ee 18.14 18.19 
__ EP eee eee TUTE PTT Tore 12.59 12.71 
DIE 6:0 Sten sot wwicans ines setae 69.27 69.10 


These were calculated upon a water-free basis. The 
crystals from the various crops mentioned above did not 
contain a very constant amount of water, but ranged from 
9.13 to 11.06. The calculated amount of water in Zr 
(C,O,),.3Na,C,O,.5H,O is 10.62. It would seem, there- 
fore, that the tendency, when this method of formation is 
adopted, is toward the formation of crystals containing 
free oxalic acid and with the sodium and zirconium oxalates 
bearing a ratio o: three to one. 


ZIRCONIUM POTASSIUM OXALATE 


Tine curdy precipitate gotten by precipitating zircon- 
inm chloride with normal potassium oxalate is iusoluble 
in an excess of either of the substances. The precipitate 
first obtained is an impure zirconium hydroxide, contain- 
ing only small amounts of oxalic acid. The supernatant 
liquid on concentration yields needle-like crystals of po- 
tassium oxalate, carrying only traces of zirconium. Af- 
ter the separation of a good deal of this potassium oxalate, 
further concentration yielded a gelatinous substance 
having the composition (XII): Zr, 39.34; K, 5.06; C,O,, 
43.05; which seems to be a basic zirconium oxalate, mixed 
or united with a small proportion of potassium oxalate. 
If the potassium be calculated as potassium oxalate and 
subtractea, the composition of the remainder would’ be 
approximately Zr (OH),. Zr(C,O,),. 

On adding potassium binoxalate to a solution of zircon- 
ium chloride a white curdy precipitate was obtained which 
was not completely soluble in excess of the binoxalate. 
The somewhat turbid solution was filtered and evapor- 
ated. Largecrystals resembling those of oxalic acid 
formed. These were separated, and on analysis proved 
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to be oxalic acid. At the same time a number of small 
crystals were formed, which were mechanically separated, 
washed and dried. These were analyzed and are report- 
ed under XIII. A further crop was gotten from the 
mother liquor, and the analysis is given under XIV. 


XIII. XIV. 
ee ee cl ee oe 19.59 17.99 
Ae pet aie AR ee) 16.18 13.91 
Ser? bi cundedes omental 64.23 68.09 


The curdy precipitate, which first formed, was also ex- 
amined and tound to have the composition Zr(C,QO,),. 
2Zr(OH),. 

The addition of a solution of potassium tetroxalate to 
zirconium chloride gave a gelatinous precipitate of zircon- 
ium oxalate (basic), carrying a little potassium oxalate. 
Subtracting the potassium oxalate, the percentages (XVI) 
Zr, 39.09 and C,O,, 38.63 are left, which are not very dif- 
ferent from the figures gotten for the precipitate from 
potassium oxalate (neutral). 

This curdy gelatinous precipitate was dissolved in ex- 
cess of tetroxalate and the solution placed over sulphuric 
acid to crystallize, and yielded crystals having the com- 
position (XVII): Zr, 20.85; K, 16.72; and C,O,, 62.31. As 
will be seen, these are not far from the 1:2 zirconium 
potassium oxalate, with excess of oxalic acid. 

When potassium hydroxide was added toa solution of 
zirconium oxalate in oxalic acid until nearly neutral and 
then set aside for crystailization, various. crops of crys- 
tals were gotten, as in the case of the double sodium oxa- 
lates. These crops of crvstals were similar in appear- 
ance to the sodium crystals. They were analyzed and 
showed fairly constant composition. 

(Zr(C 204 )2)e- 


XVIII. XIX. XX. XXII. (KeC2O04)y.HeCe2On. 
Zr....-.18.08 19.25 19.83 18.47 18.95 
K ono ee 16.35 14.84 14.46 16.34 
C_O0,4. .06.51 tid to 65.33 67.07 64.71 


The three previous an alyses may also be referred to 
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here as having approximately the same composition. See 
analyses XLII, XIV, XVII. These are calculated as 
water-frce. In the analyses XVIII and XIX the per- 
centages of water were 12.99 and 12.38. These would 
correspond to the formula (Zr(C,O,),),.(K,C.O,),. H,C,O,. 
8H,O, In thiscase, as in the zirconium oxalates and the 
sodium oxalates, the crystals seem to form only along 
with free oxalic acid, giving acid salts. 
ZIRCONIUM AMMONIUM OXALATES. 

The addition of a solution of ammonium oxalate to the 
slightly a:id solution of zirconium chloride gave‘a heavy 
gvelatinous precipitate which was soluble in excess of am- 
mouium oxalate and proved to be zirconium hydroxide 
with more or less zirconium oxalate and small amounts of 
ammonia. The filtrate from this precipitate was evap- 
orated slowly and a fine crystalline powder obtained. 
This contained (XXII) Zr,42.17 per cent. and C,O,, 39.86 
ver cent. This is in fair agreement with Zr,(C,O,),.Zr 
(OH),. When ammonium oxalate is added until the first 
gelatinous precipitate is redissolved and then evaporated 
to crystallization, different crops of crystals can be got- 
ten containing various amounts of ammonia. These did 
not seem to have any regular composition in our experi- 
ments and were looked upon as basic zirconium oxalates 
with varying amounts of ammonium oxalate present. 
Thus for one of these the figures (XVIII) Zr, 31.48; 
NH,, 7.14; and C,O,, 61.38 were gotten. 

Abandoning this method and using the one adopted in 
the cases of the sodium and potassium double oxalates, a 
more favorable result was optained. Zirconium hydroxide 
was dissolved in excess ot oxalic acid and then this was 
nearly neutralizel by m-eins of ammonium hydroxide, 
Analyses of these crops of crystals follow: 

Zr.(CgO )-. 


XXIV. XXV. 2(NH4)sC2O,. 
| Fis eee 16.55 16.66 17.58 
ME Soderseckabackss 14.46 13.35 13.28 


ee ee Cee 69.99 69.99 (8.94 
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While these do not show that the crystals had been 
thoroughly purified. the restlts indicate that the compo- 
sition is one zirconium oxalate to two ammonium oxalate. 
On recrystallizing one of these crops of crystals, zircon- 
ium hydroxide was observed to separate when the solu- 
tion was heated (to evaporate to crystallization), and the 
crystals which were obtained consisted of ammonium ox- 
alate alone. 

In general it may be stated that the zirconium oxalate 
fails to show any decided tendency to enter into clearly 
defined combinations with the alkaline oxalates, exhibit- 
ing rather a power of crystallizing along with them in 
mixtures of any proportions, It can be said at best that 
under the conditions of our experiments certain ratios 
seem to be preferred, and appeared more presistently. In 
all cases the crystals formed from oxalic acid solutions, 
and this free oxalic acid crystallized with them, giving 
acid oxalates. 


THE HALOGEN SALTS OF ZIRCONIUM. 


F. P. VENABLE AND CHARLES BASKERVILLE. 


I. DECOMPOSITION OF THE ZIRCONS. 

It may be well to give in detail the method (Jour. An. 
and Ap. Chem. 1891.551) as modified by an experience of 
several years. The zircons are ground in an iron mortar 
so as to pass a 90 mesh sieve. The proportions used 
in a fusionare 150 grams zircons, +00 grams sodium hy- 
droxide 40 grams sodium fluoride. The sodium hydroxide 
and fluoride are fused in a nickel crucible (400 cc) then 
heated for fifteen or twenty minutes with the water blast 
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The zircons are introduce in portions of five or six grams. 
If the temperature is high enough there is a rapid evolution 
of bubblesof gas. It must be stirred to prevent foaming 
over (the stirrer being a strip of nickel fastened toa glass 
rod.) After the introduction of three-fourths of the 
zircon the temperature should be increased by adding 
other lamps as the mass becomes pasty and sluggish to- 
wards the close of the reaction, making the escape of 
bubbles somewhat explosive. The success of the opera- 
tion depends on the high temperature, especially at the 
close. With a lower temperature much will be left un- 
acted upon. After the introduction of all the zircon the 
mass should be heated and stirred untii no more bubbles 
escape. This stirring can only be imperfectly carried 
out towards the close. The mass should then be im- 
mediately removed by means of a nickel spatula and the 
lumpy pieces allowed to cool on crucible tops or sheets of 
nickel. The crucible should be scraped as clean as pos- 
sible before cooling. It is best then to quench it with 
water before the adhering pieces of the melted mass cool, 
and crack the crucible incontracting. A number of cruci- 
bles crack during the fusion. If they escape this they al- 
most infallibly crack in the cooling unless cooled down 
filled to the brim with water. Of course due care 
must be taken in introducing the water. It can be safe- 
ly blown in from a distance with a wash bottle. As there 
is much spitting of melted caustic soda during the fusion 
the hands should be gloved and the handle of the stirrer 
should be long enough to secure the face and eyes from 
danger. 

The lumps, while still hot, are removed from the nickel 
sheet and placed in water in acasserole (1 litre capacity). 
After a few minutes the water becomes muddy on agita- 
tion. Pour off this water with the suspended particles 
into a large settling jar. Refill the casserole, heat to 
boiling, stir and pour off again, thus removing gradually 
the finer masses. This is the best way of disintegrating 
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and washing the mass. The particles settle best from 
hot water. After a while they settle slowly. It is best 
to use two or three settling jars, pouring off from the 
first to the others before a second washing is added from 
the casserole. Nearly all settles in the first jar and that 
which settles more slowly may be allow totake its time 
in the other jars. After a while the disintegration may 
be helped by breaking with a glass rod or rubbing with 
a pestle. Five or six gallons of water should be used 
in washing as this removes the sodium silicate and it is 
far easier and better to get rid of itin this way than to 
be worried by its presence later on. Of course it is not 
entirely removed and some little of the zirconate is also 
lost. 

After washing the sodium zirconate must be de- 
composed by the addition of hydrochloric acid. Strong 
acid is used and it is boiled with the zirconate in the 
casserole used for washing. Usually all dissolves up ex- 
cept a few grams of undecomposed zircon. It is not 
necessary to filter the solution. It may be immediately 
transferred toa large evaporating dish and carried down 
to dryness, first over the nake.! flame and then, as silica 
etc., begin to separate out, on the sandbath. It is neces- 
sary to watch the temperature of the latter and to stir 
the mass up occasionally to prevent overheating but a 
great deal of time may thus be saved. It is usually pos- 
sible to begin a fusion in the morning and have the hy- 
drochloric acid solution of it ready for evaporation before 
the days work is over. 

If the washing was well done the amount of silica sep- 
arating is not large. Hydrochloric acid is added to the 
dried mass, then water and it is filtered. The clear fil- 
trate is again evaporated to dryness to remove the last 
traces of silica. We have uniformly adopted this precaution 
but seldom found any silica separated by the last evap- 
oration. After this second evaporation and filtration the 
solution is ready for the separation of the iron. 
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The larger portion of the iron may be separated by the 
use of sulphur dioxide. The impure zirconium chloride 
is ‘made up into a moderately dilute solution in a large 
jar. This is nearly neutralized with ammonia and sul- 
phur dioxide is passed through. The zirconium is pre- 
cipitated out as a basic sulphite. This is filtered away 
from the solution containing most of the iron. In most 
cases it is advisable to dissolve again in hydrochloric acid 
and precipitate once more with sulphur dioxide. The 
filtrate containing the iron also contains much of the zir- 
conium. A good deal of this is precipitated on boiling. 
The filtrate from this is then evaporated toa small bulk 
and a good deal of the iron will crystallize out as the dou- 
ble chloride of iron and ammonium in deep red crystals. 
The concentrated filtrates from several fusions, thus part- 
ly freed from iron, may be again treated with sulphur 
dioxide and the zirconium recovered. 

The sulphite after draining in large funnels is dissolved 
in hydrochloric acid and boiled until all sulphur dioxide 
is driven off. It is then precipitated as hydroxide by 
means of ammonium hydroxide and well washed. This 
hydroxide is drained upon filters and dissolved in the 
least amount of concentrated hydrochloric acid. The 

‘remaining impurities are gotton rid of by repeated 
crystallizations from strong hydrochloric acid. This 
must be managed with some care as it is quite easy to 
form an oxychloride insoluble in the strong acid, for in- 
stance by the addition of strong acid to a somewhat concen- 
trated aqueous solution. In evaporating the hydrochloric 
acid solution to crystallization it is therefore necessary to 
add concentrated acid from time to time as the watery 
acid evaporates so that the first crystallization shall be 
from strong acid. After that there is little trouble in 
subsequent crystallizations from strong acid. The crys- 
tallizations are best made from a casserole and one hun- 
dred grams or more of chloride may be crystallized at 
atime. Generally twelve or fifteen crystallizations. will 
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suffice. There will be little loss of zirconium if [ust 
enough acid is used each time to bring the soluble chloride 


into solution (some little insoluble chloride is nearly al- 
ways present.) The acid poured off each time from the 
crystals may be saved and evaporated to recoyer the zir- 
conium or used in the decomposition of other portions of 
zircons. 


II. ZIRCONIUM CHLORIDES. 


Large number of compounds of zirconium with chlorine 
or chlorine and oxygen have been described and these 
compounds have been the subject of much investigation. 
The object in many cases has been to secure a zirconium 
chloride of definite composition which would prove a val- 
uable compound for determining the atomic weight of the 
element. There are several difficulties in the way of se- 
curing such a compound. 

1. The tendency to form basic chlorides, 

2. The ease with which hydrochloric acid is lost 
through the action of heat and of dehydrating agents. 

3. The presence of free hydrochloric acid. 

4. The deliquescent nature of the chlorides. 

It is particularly desirable that the conditions under 
which a definite chloride can be formed should be discov- ° 
ered, as zirconium seems to yield no very satisfactory 
compounds for the determination of the atomic weight. 
There have been many efforts at finding out these exact 
conditions. 

Most text-books state that anhydrous, pure zirconium 
tetrachloride can be prepared by passing dry chlorine 
over a mixture of charcoal and zirconia heated toa high 
temperature. Hermann used this sublimed zirconium 
chloride for the determination of the atomic weight. As 
Clarke says, however, little confidence can be placed in 
his results. Bailey (Chem. News., 60, 17.) has recorded 
that even with great care to avoid the presence ot moist- 
ure he was unable to prevent the formation of oxychlo- 
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rides. Healso says that in no case was it found possible 
to prepare the chloride free from iron and silica. The 
necessity for the presence of these in the materials used 
or in the resuiting compound is not very apparent. We 
have as yet had no opportunity of repeating his experi- 
ments. 

This tetrachloride has also been prepared by passing 
dry chlorine over zirconium or over zirconia and charcoal. 

Troost and Hautefeuille [Compt. rend, LXXV., 1889. ] 
have prepared it by the xction 6f silicon chloride upon 
zirconia. Smith and Harris [Am. Chem. Soc. 1895, 654] 
succeeded in preparing this same chloride by heating zir- 
conta with phosphorus pentachloride. 

The chlorides most commonly worked with, have been 
those formed by the solution of the hydroxide in hydro- 
chloric acid, followed by precipitation or crystallization 
from concentrated hydrochloric acid or from water. 

Berzelius attempted to remove the excess of hydrochlo- 
ric acid by heating the salt to 60°C, but was not able to 
obtain a definite compound. 

Two analyses gave 
4 rere rere ee 0,332 0.485 
ae aes iicwwewedeces Se 1.096 

The silver chloride should be about two and one-third 
times as much as the oxide. 

Paykull dried the salt between filter paper and tound 
the composition of the crystals to be ZrOCl1,.8H.O. Ac- 
cording to Melliss (Zeitschr. f. Chem. [2], V1. 196) this salt 
crystallizes with 45 H,O instead of SH,O. The amorphous 
form is precipitated by pouring the aqueous solution into 
strong hydrochloric acid. This is insoluble in boiling 
concentrated acid but easily soluble in water. Paykull 
Ber. VI. 1467) assigns to this the formula 2ZrOCl1,.13H,O. 

Endemann has described basic or oxychlorides Zr,O, 
Cl,, ZrOC1OH, and Zr,O,C1,(OH),; Troost and Hautefeu- 
iille have described others, Zr,O,Cl, and Zr,OC1,. In fact 
water is so easily taken up and hydrochloric acid lost 


? 
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that a large number of such indefinite compounds might 
be prepared by slightly varying the conditions. 

Nylander (Bidrag till kainnedomen om Zirkonjord Inaung. 
Diss. Lund 1864.) made a series of attempts at dehydra- 
ting thechloride. He prepared the chloride by dissolving 
the hydroxide in hydrochloric acid and evaporating to crys- 
tallization. The salt formed white needles, easily soluble 
in water. They were washed with alcohol and for analy- 
ses I and II were pressed between filter paper; I and 
IV were dried over sulphuric acid. The results were as 
follows: 


I II. III. bY. 
ere 25.69 30.11 31.78 
ee 21.58 23.06 23.80 
Loss(H 2 QO).. 50.86 52.78 46.83 44.12 
or calculated on a dry basis: 
Pe caskicnves 56.08 54.41 56,63 57.18 
Dien scesivis 43.02 45.59 43.37 42.82 


Again preparations were made as before. I was dried 
between filter paper, I] over sulphuric acid, III was 
pressed between filter paper and then dried over sulphu- 
ric acid, [IV was dried a long time over sulphuric acid. 
The analyses gave the following: 


3 Il. III. IV. 
, 34.91 37.78 35.69 
+ reer 26.09 25.87 21.74 
ee ey 49,55 39.10 36.35 42.57 


or calculated on a dry basis: 


ae .. 56.93 57.23 59.34 62.14 
ee 43.07 2.74 40.66 37.86 


Lastly he allowed a solution of the chloride to evaporate 
over sulphuric acid washed the crystals obtained with 
alcohol and pressed them between filter paper. Analyses 


gave: 


PE Banian. cneteeieracace ses eee 28.74 
Se ere Peete. 26.67 
ae bv stete oth sae ae 44.74 42.62 
or calculated on a dry basis: 
—-Found Theory. 
Be ihc 50.56 50.04 Mc ciuchecoul 38.50 


Re bee: 49.44 49.96 ere 61.50 . 
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Nylander’s description of this salt is correct. Very 
large handsome crystals can be secured on evaporating an 
aqueous solution of the chloride prepared by dissolving 
the hydroxide in hydrochloric acid. If this evaporation 
is too rapid gelatinous masses separate out, re-dissolving 
on stirring. There is a considerable loss of hydrochloric 
acid during this evaporation. The best crystals may be 
obtained by evaporation over sulphuric acid. These 
crystals easily dry on porous plates or on filter paper. 
There is no necessity for the elaborate methods of drying 
adopted by Nylander. There is however a constant 
though slight loss of hydrochloric acid. Nylander’s an- 
alyses (marked I) agree very closely with one made by us. 


Ee Aas 
> rrr 
PSE COC he 50.46 


There is then manifestly a definite compound obtained 
inthis way. It is unquestionably an oxychloride and the 
loss (50.46 per cent.) represents both water and combined 
hydroxyl or oxygen. At ordinary temperatures there is 
a -ontinuous loss from day to day which makes it impos- 
sible to get a fixed initial weight. This loss is shown by 
the following weighings. 

Date Oct.9. Oct.11. Oct. 12. Oct. 13. Oct. 15. Oct. 18. 
Weighings 1.2806 1.2796 1.2792 1.2787 1.2779 1.2758 

By heating to 135°-140° for six hours a large amount 
of chlorine is driven off and yet not all of the water. The 
mass left is insoluble. Heated to 100° under a stream of 
hydrogen chloride the weight was constant and the loss 
corresponded to 26.84 per cent. of the original weight. 
The residue is entirely soluble in water. While these 
data are not altogether sufficient it will be seen that they 
correspond fairly accurately with the formula ZrOCl, 
8H,O. Five molecules of water are lost at 100° and the 
compound left is ZrOC1,.3H,O. The first formula is the 
formula assigned by Paykull and confirms his results as 
against those of Melliss. The formula gotten by Herr- 
mann, ZrOC1,.9H,O was manifestly obtained from imper- 


fectly dried crystals. 
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Bailey repeatedly crystallized the chloride from hydro- 
chloric acid, washed it with hydrochloric acid and then 
removed the free acid. 

1) By washing with a mixture of one part alcohol and 
ten parts of ether. 

2) By gently heating the salt. 

3) By exposing the finely divided salt at ordinary tem- 
peratures in a vacuous desiccator over potash until no 
hydrochloric acid appeared when air was passed over it. 

The analysis was performed by dissolving the salt in 
water and precipitating the zirconia with ammonia, then 
acidulating with nitric acid and precipitating the chlorine 
by means of silver nitrate. By method (2)a constant and 
progressive diminution of chlorine was observed. There- 
fore no analyses were made. For the other methods he 
vives the results of the analyses by a statement of the 
relation of ZrO, to AgCl. 

ZrOo : AgCl 


Berzelius determination a , l >: 1.991 
a ” - : 1 2.260 
Bailey's method 1 . eee eee 1 2,206 
ea oe 1 2179 

1 2.226 

1 2.260 

FE 60 gima @Siiace pa Stade ete l 2.264 

without washing...... 1 20245 

i 2.309 

oud . 4 2.285 

ZrOC 1» ' : I 2.350 


In all of these the drving has gone too far and some of 
the chlorine has been lost or the crystals still retained 
hygroscopic moisture. This salt, as will be seen later 
on, is not ZrOCl, but ZrOCl1,.3H.O and the true ratio is 
Brun, ¢ ABT ss 1 +2327. 

Hermann ‘Watts’ Dict., 5, 1080.) states that the hydra- 
ted chloride, gotten in crystals on evaporating its aqueous 


., Giving ott part of the 


solution, becomes opaque at 50° C 
water and half of the hydrochloric acid and leaving a basic 
chloride or oxychloride, ZrCl,.ZrO,.18H,O or ZrOCl,.9H, 
QO. The same compound is obtained in stellate groups of 
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white silky prisms on evaporating a solution of the chlo- 
ride. These crystals when heated become white and 
turbid and are converte] into the anhydrous dioxychloride, 
ZrCl,.2ZrO.,,. 

Linnemann(Chem. News., UII, 224.)maintains that crys- 
tallization from hydrochloric acid (sp. gr. 1.17) and treat- 
ment with alcohol and ether gives a fine, crystalline, snow 
white, silky body, leaving fifty per cent. of its weight on 
ignition and therefore very nearly pure ZrCl, which should 
leave 52.5 per cent. He claims that this is ‘chiefly a 
neutral, noi a basic compound.” 

Our own experiments on the dehydration of the salt 
obtained by crystallization from water extended over two 
years, as opportunity was afforded. Several series of ex- 
periments were undertaken, some along the lines attempted 
by others, and others by methods not tried before. In 
all the purified chloride obtained by repeated crystalliza- 
tion from hydrochloric acid was used, the salt being still 
wet with the excess of the acid. There was no attempt 
at drying this between filter paper. 

In the first experiment this chloride was washed once 
with water and then put in a desiccator and dried over 
calcium chloride (porous desiccated). It remained in the 
desiccator about seven months. Even after this lapse of 
time it still continued to show a slight loss in weight. It 
yielded on analysis 48.84 per cent. ZrO,. 

Another portion was placed in a jar over solid lumps of 


sodium hydroxide. After six weeks the loss was very 
slight. Careful ignition left a residue of ZrO, equivalent 
to 42.99 per cent. of the original weight. There was 


found to be 24.44 per cent. of chlorine present. 

Again a portion was placed over calcium chloride and 
dry air was drawn over it at the rate of about fifty liters 
in the twenty-four hours for six months. After the first 
two months it was examined weekly by the interposition 
of a flask containing silver nitrate to see whether hydro- 
chloric acid was still coming off. Even after the lapse 
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of so long a time as this it was found that the loss of hy- 
drochloric acid continued, although it was slight. On 
analysis this gave ZrO, 42.28 per cent., and Cl 24.35 per 
cent. Although the results in this and the experiment 
immediately preceding correspond fairly well, they are 
unsatisfactory as they point either to a mixture of chlo- 
rides or an oxychloride of very complicated formula and 
heuce unsuited for the ultimate aim of the research. 

Lastly a portion was placed over concentrated sulphuric 
acid and the atmosphere above it exhausted occasionally. 
This was kept up during two months of summer weather. 
The loss in the last fifteen days was about 0.02 per cent. 
of the whole. The mass was powdery with a slightly 
discolored crust. It was all soluble in water, however, 
and yielded a clear celorless solution. It contained 53.30 
per cent. of ZrO,.. This corresponds very nearly to the 
formula ZrOC1,.3H.O. 

This last experiment showed the possibility of securing 
pure zirconium chloride, provided the excess of lydro- 
chloric acid could be removed. It was thought that this 
might be done by heating in an atmosphere of hydro- 
chloric acid. A weighed flask was so arranged that it 
could be kept at a definite temperature while a stream of 
dry hydrogen chloride was passing through it. The 
temperature ranged from 100° to 110° C., and the chloride 
placed in the flask melted, solidifying again after the loss 
of the water and excess of hydrochloric acid. If the dry- 
ing was done slowly enough, apparently crystalline oxy- 
chloride was gotten whick lost no further weight on 
being kept at 100°C. <A more rapid drying left a hard 
white mass quite hygroscopic. Heating this mass for 
several days did not cause any diminution in weight, pro- 
vided the flask was kept full of hydrogen chloride. If 
the mass was heated even a short time in the absence of 


hydrogen chloride then further heating caused a continu- 
ous loss of weight even in the presence of a rapid stream 
of hydrogen chloride. After this it was impossible to 


Secure a constant weight. 
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This method of drying has be:n tried repeatedly on 
various preparations and I regard the facts stated above 
as showing conclusively that a neutral zirconium chloride 
can be prepared and dried. 

Analyses of this chloride gave the following percent- 
ages of ZrO,: 

52.70 52.78 52.63 

Believing that a simple compound of zirconium and 
chlorine had been obtained corresponding to the formula 
ZrCl, a series of determinations were undertaken with a 
view to securing data for calculating the atomic weight. 

This chloride obtained by recrystallization from con- 
centrated hydrochloric acid had also been analyzed by 
Linnemann (Lond. Chem. News LII, 233-240) and the 
percentage of zirconium found led him to believe that it 
was the tetrachloride. The determinations made by one 
of us with a view to securing data for recalculating the 
atomic weight were ten in number. They were made 
with great care and yielded a mean of 52.986. This 
would have corresponded to an atomic weight of 91.75 if 
the body were really the tetrachloride. To settle its 
exact composition the chlorine was determined in a sample 
dried also in hydrogen chloride. Two determinations 
gave the mean percentage of chlorine as 35.26. This 
result is entirely too low for the tetrachloride which would 
require 61.01 per cent. of chlorine. The substance anal- 
yzed was then manifestly an oxychloride but none of sim- 
ple composition could be calculated from the results. 
The formula which seemed nearest to it was Zr,(OH), 
C1,.5H,O. (see J. Am. Chem. Soc. 1895. p. 842). The 
subject was then allowed to drop for two years, except 
that the chloride was tested for water and found to give 
it off abundantly at 180°-210°. 

During the past summer the accuracy of the chlorine 
determination was brought into question. Determinations 
were made on other samples and the percentage of chlorine 
was found to be 29.98. The error of the previous deter- 
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mination may have been due to the sample or to manipu- 
lation. Which was at fault cannot well be decided now. 


The new determinations give 


Cale. for ZrOCl,.3HoO. 
Zr. 38.99 39,12 
Cl. 29.98 30.66 


This oxychloride is therefore, after drying, identical 
with the one obtained by crystallization from water after 
it also has been dried. 

The amorphous (7) form, insoluble in concentrated hy- 
drecloric acid but easily soluble in water has been anal- 
vzed by Paykuli and he has caiculated the formula 
2ZrOCl,.13H,O. This insoluble oxychloride is nearly 
always present during the process of purification by re- 
crystallization from hydrochloric acid. Repeated boiling 
with hydrochloric acid fail to dissolve it. A sample was 
prepared by allowing a very concentrated aqueous solu- 
tion of the oxychloride to tall drop by drop into concen- 


trated hydrochloric acil. It was washed with hydro- 
chloric acid and then boiled. After pouring off the 


acid the mass was washed with a mixture of nine parts 
ether and one part alcohol. It was dried between filter 
paper. Little assurance could be felt that this mode of 
drying removed all the hygroscopic moisture. It was 
analyzed in this condition. Another portion was placed 
over caustic aikali (after pressing between filter paper 
and yet another portion was dried at 105° in a stream of 
hydrogen chioride. 

The analysis of the portion dried between filter paper 
was as follows: (no difference was observed in that over 
caustic alkali after two days). 

Cale. for ZrOCls.6He0. 
Zr. 31.72 31.70 
Cl. 20.81 21.01 

This is therefore in close accord with the formula 
ZrOCl,.6H,O. The portion dried under hydrogen chlo- 
ride was small and only the zirconium was determined. 
The percentage of this corresponded fairly with ZrOCl,. 


3H,O. 
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Summarizing our examination of these oxvchlorides 
then, we find that there are three. 

1. An oxychloride gotten in large, well-formed crystals 
by crystallization from water. These crystals lose 
slowly both water and hydrochloric acid on exposure to 
the air. Their formula is ZrOCl1,.8H,O. 

2. An oxychloride gotten by precipitation by hydro- 
chloric acid from an aqueous solution. This is insoluble 
in hydrochloric acid. It is seen in silky crystals or a 
white mass of very fine crystals. The formula is 
ZrOCl,.6H,O. 

3. An axychloride gotten by crystallization from hy- 
drochloric acid. This has the formula ZrOCl1,.3H,O. 

When any one of these is dried at 100—125° with a 
stream of dry hydrogen chloride passing over it three 
molecules of water of crystallization are left and the oxy- 
chloride has the formula given under 3. namely ZrOCl,. 
3H,O. These last molecules of water are lost at a tem- 
perature of 180—210 

Weibull (Ber. 1887. 1394) gives the measurements of 
the crystals of the oxychloride formed from water. They 
belong to the tetragonal system, are optically unaxial 
with double refraction. 

Several times during the examination of these oxychlo- 
rides the formation ot a hvdrogele was observed. The 
exact conditions under which it was formed were not de- 
termined. The tendency to torm this hydrogele is much 
less than in the case of the bromides and iodides. Similar 
compounds will be mentioned there. 

III. ZIRCONIUM BROMIDES. 

Zirconium tetrabromide, ZrBr,, is formed by conducting 
bromine vapor over a heated mixture of zirconium and 
carbon. <A stream of carbon dioxide may be used tor 
carrying the bromine vapor. It forms a white crystalline 
microscopic) powder which can be sublimed but is de- 
composed by water, (Melliss J. 1870. 325: 

Zirconium oxybromide may be formed by decomposing 
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the tetrabromide with water and also by dissolving zirco- 
nium hydroxide in hydrobromic acid (Gmelin, Handbook, 
Oth ed’n. Il. 1. 706. It crystallizes from the aqueous 
solution in fine transparent needle tke crystals contain- 
ing water of crystallization (Melliss, Mats Weibull B. 
S87. 1394). 
Weibull gives the following analyses: 
Cale. ZrObry.s8HsO 

Zr 20.35 20.83 21.87 

Br 41.16 38.70 39.05 

He says that the crystals are isomorphous with those 
of the oxychloride which seems to be true. They are 
much more hygroscopic. His two analyses are decidedly 
discordant and one would judge that the amount of water 
of crystallization had been decided upon from the analog’y 
to the oxychloride. 

The oxy-bromides described in the following experi- 

ents belong to two types with varying degrees of hy- 
dration——ZrOBr, plus x HO. where x equais 3, 13, or 14 
and ZrBr'OH), plus vH,O where vy equals 1 or 2. All of 
these compounds are deliquescent and decompose on ex- 
posure to moist air, the clear white crystals, often col- 
ored pink by free bromine present, melting to a gum, 
frequently with the evolution of hydrobromic acid. The 
salts are unstable even in dry air as was found on expos- 
ing dried crystals upon a watchelass in a desiccator con- 
taining suiphuric acid. Much hydrobromic acid was 
evolved in the decomposition. 

The crystals were prepared in two ways:—either by 
dissolving pure Zr(OH), in dilute hydrobromic acid evap- 
orated upon water bath with subsequent additions of 48 
per cent. hydrobromic acid and repeated evaporations, or 
a concentrated solution of hydrobromic acid was saturated 
with Z1(OH),, evaporated and the crystals obtained on 
cooling. 

As a rule the crystals obtained were quite soluble in 
the hot acid but separate at once on cooling. In the 
heating necessary ior the thorough saturation of the hy- 
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drobromic acid by the Zr(OH), the solution first becomes 
straw colored then a deeper red depending upon the time 
of the heating. This is evidently due to bromine from 
the decomposition of some hydrobromic acid by organic 
matter in the air. 

A difficult problem was the removal of the strong hy- 
drobromic acid mother liquor and the free bromine nearly 
always present with the crystals. Of the methods tried 
to effect this none proved satisfactory. The crystalline 
Mass Was in One case six times Washed with ether, the 
vellowish red solution, due to dissolved bromine, being 
decanted. Filtering proved too slow permitting a rather 
long exposure of the crvstals to the moisture of the air. 
After this washing with ether the crystals still slightly 
vellow colored were placed in a *‘vacuum” desiccator for 
the removal of the remaining ether. The small @lass dish 
containing the material was allowed to remain 36 hours 
in the vacuum desiccator. The substance was then re- 
moved, dried between filter paper and analyzed. 


Found Cale. for ZrOBrg.1314 20 
ZrO 34.15 24.50 24.60 a 
Br SR yee ee 31.93 
Ho 124°C 24.44 


This substance gave evidence of decomposition after 
being placed in the weighing bottle. 

Another method used for the removal of bromine was 
washing the colored crystals three times with strong (48 
per cent.) solution of hydrobromic acid. Most of the 
bromine was thus removed, although the salt remained 
slightly vellow, possibly due to the remaining hydrobro- 
mic acid. An interruption of the work at this point re- 
quired the salt in this state to be placea in a desiccator 
over sulphuric acid. It remained there for several days 
when the werk was resumed. All moisture seemed to be 
removed and great volumes of hydrobromic acid were 
given off when the desiccator was opened. The sub- 


stance had taken on a brownish-red color around the edges 
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but the central portion was perfectly white. To remove 
the excess of acid the substance was washed quickly three 
times with small amounts of water. All of these salts 
are exceedingly soluble in water and the utmost care ts 
necessary to avoid the entire resolution of the substance. 
The wash-water was deeply colored by the bromine re- 
moved and the salt remained pinkish. It was dried on 
hlter paper and an analysis gave: 


Zire 24.54 


This shows that the method of removing the bromine 
and hydrobromic acid and drying the crystals did not 
materially alter their composition. Alcohol did not give 
satisfactory results. 

The cther-washed crystals after being allowed 
to stand ina glass stoppered weighing bottle in the bal- 
anee case for several weeks showed evidence of absorbed 
moisture. They were dried again by pressure between 
tolls of bibulous paper, but they could not in this way 
be brought back to the same state as before, as shown by 
the analysis: 

Found Previously Found Cale. for ZrOBr..14H.0 
Zr» 23.49 24. 50(av. 23.70 
br 30,58 30,82 

About 4+ grams of these crystals were dried in a olass 
stoppered flask under a rapid stream of dry lLydrobromic 
acid at a temperature varving between LOO® and 120 
The average temperature was about 110° and the drving 
lasted continuously through three and a half days. After 
cooling, perfectly dry air was drawn through the flask 
for a little over ten minutes. This was evidently not 
long enough as ail the free hydrobromic acid had not been 
removed as shown by the analysis. The substance dried 
down toa hard white ervstalline state which was quits 
soluble in water. The composition of this residue was 
as follows: 

ZV)» 34.91 34.82 
Br v0.08 


If an allowance of 4.5 per cent. be made for the extra 
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hydrobromic acid not removed, tor thirty minutes should 
have been allowed for the removal of all the acid as 
was found in the work on the oxychlorides we have:— 


Found Cale. for ZrOBry.4He). 
ZrO» 36.31 36,21 
Br 47.80 47.30 


Of course such a calculation is not allowable and is 
viven merely to show the possible composition of the 
dried mass. The experiment was not repeated on ac- 
count of expense as to both time and materials. 

One hundred cubic centimetres of 48 per cent. hydro- 
bromic acid solution were saturated with Zr(OH), by con- 
tinuous boiling. The volume reached at least 500 cubic 
centimetres before the hydroxide ceased to be taken up. 
The solution was never perfectly clear until it was twice 
filtered through compact filter paper doubly folded. The 
clear vellow solution was concentrated by evaporation on 
the water bath. The more concentrated it became the 
redder it was, finally the color was so deep that it ap- 
peared almost black. This was due to decomposition of 
the hydrobromic acid by organic dust in the air no doubt. 

After concentration the liquid was cooled and white 
crystals separated out. On allowing it to stand 24 hours, 
or always when made too concentrated by further evapo- 
ration, a red jelly separated on top the crystals. In trying 
to wash this red jelly from around the crystals, for it was 
very soluble in water, the crystals were also dissolved. 
The whole was therefore redissolved and after several 
attempts a set of prismatic needles 1—2 millimetres in 
length separated out free from the jelly. This jelly was 
not silicic acid as feared. The mother liquor was poured 
off, the crystals quickly washed three times with small 
amounts of water, dried between filter paper and anal- 


vzed: 
Found Cale. for ZrBr(OH)32H:,O 
ZrO» 34.90 34.544 35,23 
Br 30.79 31.01 ; 


The solution was further evaporated and another crop 
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of needle crystals, similar to, but much smaller than, the 
above obtained. They were washed four times with cold 


water, dried toa powder between filter paper and anal- 


vzed: 
Found Cale. for ZrBriOH)s.H20. 
ZrO» 36.86 36.35 37.91 
Br 32.49 33.33 


An investigation of the gelatinous oxybromide of zirco- 
nium showed that it was a hydrogele. On diaiysis the 
small amount of crystalline oxybromide present passed 
through the membrane. At the same time the gelatinous 
compound, if it may ce so termed, slowly decomposed 
into zirconium hydroxide and hydrobromic acid, the lat- 
ter gradually passing through the septum while the for- 
mer remained behind. 

ZIRCONIUM IODIDE. 

Zirconium tetraiodide has been prepared by Dennis and 
Spencer Jour. Amer. Chem. Soc. XVIII. 673) by passing 
hydrogen iodide over heated zirconium. I[- is singuiarly 
different from the corresponding chlorine and bromine 
compounds. It forms a white crystalline sublimate in- 
soluble in water and acids, not hygroscopic and showing 
no tendency to form oxyiodides with water. 

According to Melliss = zirconium oxyiodide 
is not formed by dissolving Zr.OH),in HI. Hinzberg (An- 
nalen 239. 253) secured an oxyiodide by precipitating a 
solution of ZrSO,), with Bal, in equivalent amounts. 
The soiution was evaporated over H,SO, and the crystals 
washed with carbon bisulphide and the analysis gave 
ZrlOH),.3H,O. 

In our experiments we tound that zirconium hydroxide 
when precipitated cold was soluble to a small extent in 
strong aqueous hydriodic acid or could be dissolved by: 
passing hydrogen iodide into water in which the zirco- 


nium hydroxide was suspended. Evaporation of this 


solution over sulphuric acid or calcium chloride gave 
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needle like crystals strongly colored with iodine and very 
hygroscopic. Every attempt failed at getting these 
freed from excess of iodine and properly dried. Wash- 
ing with ether or with carbon bisulphide was ineffective. 
A hydrogele was gotten by acting upon zirconium hy- 
droxide with hydrogen iodide which formed on drying a 
hard horn-like, slightly colored mass, insoluble in water 
and acids. This contained 
Zr 32.14 I. 27.88 H.O(by difference) 28.64 

It lost only 11.07 per cent. of its weight after three 

hours heating at 100—120°. 


THE GLABROUS-LEAVED SPECIES OF 
ASARUM OF THE SOUTHERN 
UNITED STATES.* 


W. W. ASHE. 


The following notes on the glabrous-leaved group of 
the genus Asarum are based on a field study of the genus 


*While this paper was intended for this JOURNAL its earlier publica- 
tion as a separate with no credit to this JOURNAL has rendered a few 
changes necessary in regurd to the glabrous-leaved group, while the 
references to the Canadense group have been entirely omitted since 
Mr. E. P. Bicknell is at present working on this group. 

Since this article was put in type I have received a letter from Mr. E. 
G. Baker, of the Kew Gardens, in reply to one I wrote him, which may 
throw some additional light on the identity of the Linnean <Asarum 
Lirginicum. A comparison of my plants with the Gronovian specimen 
in the British Museum, on which the Linnwan species is based, was 
made for me by Mr. Baker. It showed that the Gronovian specimen 
was more like «/. minus, but was a smaller plant than that and with a 
smaller flower. There is an /serum found in the coastal region of 
North Carolina belonging to this group, and having smaller leaves 
than any of the Appalachian species, but I have not yet been able to 
secure flowers from it. It is possible that it may approach in the size 
and shape of the calyx more closely to the Gronovian specimen than 
does 1. minus; but this is mere speculation, so that for the present it is 
probably better to regard 1. minus Ashe as 1. Virginicum L, 
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extending over several vears, so that I have been able to 
eXamine growing all the 
heterophyllum ochranthum, and A. callifolium. 
Herbarium material, unless carefully prepared and not 
too heavily pressed, is unsatisfactory, and gives only a 


species described except A. 


slight idea of the natural shape of the calyx, in which 
lies the chief difference between these species. For the 
coriaceous-leaved species the shape of the prolongation of 
the.style beyond the stigma offers good group-characters 
for determining herbarium material. I have found 
scarcely any difference in the seeds; and have been un- 
able to secure capsules for satisfactory examination, so I 
cannot say what characters they offer. Neither the 
roots nor bracts offer any specific character. The leaves 
of all the species of this group are at times spotted with 
white; more frequently this is the case when the plant 
grows in the shade. 

The coriaceous-leaved species are southern Appala- 
chian, with the centre of their distribution in the moun- 
tains of North Carolina. One species only, A. aré/olinm, 
extends into the coastal plain region of the Atlantic 
States. All the species except 4. ar//o/ium are rather 
local. 

The nomenclature of the Virginicum group presents 
some difficulty as to which species represents the original 
Asarum Virginicum of Linnwus. Plukenet’s figure 
Alm, 55. t. 78 f. 2.) to which Linnwus refers might 
represent any species of this group: it poorly figures 1. 
macranthum,; somewhat better A. minus; and might 
have been intended to represent either 1. Iemmingcri 
or A. helerophyllum. The Gronovian description does 
not add any information. I have thought it preferable 
to follow the practice of several Kuropean botauists and 
ignore, in such a case of uncertainty, the Linnawan name, 
as it represents a group of at least four species rather 


than a single plant. 
I have to thank many friends for material furnished 
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me at different times or for permission to examine th ir 
material or material placed under their care. 


SYNOPTICAIL ARRANGEMENT OF GLABROUS-LEAVED 
SPECIES. 

Annual leaf solitary, glabrous, thick, the single flower from the axil 
of the ovate or reniform subtending bract; calyx glabrous without; the 
very short epigeal erect or ascending rootstock several times dichoto- 
mously forked; roots clustered, thick, numerous, fleshy; anthers oblong- 
linear, sessile or nearly s>, the filaments not prolonged; the 6 thick di- 
vergent styles usually 2-forked or notched, bearing the extrose raised 
stigma below the summit. 

(a.) Leaves round-cordate at base; the styles not cleft to the top of 
the stigma; anthers pointless. (These species except the last consti 
tute the 4sarum lirginicnm of Linnwus.) 

(b.) The stout prolongation of style barely notched, much wider than 
the small orbicular stigma. 

(c.) Calyx cylindro-campanulate, somewhat contracted at the throat. 

2. ASARUM MACRANTHUM (Shuttlw.) Small, Mem. 
Terr. Cl., 5:136. 

Homotropa Macranthum Shuttlw.; Small Mem. Torr. 
Cl., 4:150. as synonym. 

Asarum Virginicum var. grandiflorum, Mx. in D. C. 
Prodr. 15:426. 

2. ASARUM MINUS W. W. Ashe, Contrib. from Herb. 
No. x 1897). 

Leaves as in the above but rarely orbicular; tube of 
calyx cylindro-campanulate, about lcm wide, about the 
same length, the very short lobes spreading; peduncle as 
long as the flower, the large bract pointed; projection of 
the stvle very short; the seed oblong. 

North and South Carolina and Tennessee. Local. In 
North Carolit.a it occurs as low as 150m above sea level. 
Type locality: Chapel Hill, N. C. 

(c) Calyx campanulate or oblong-campanulate, not 
contracted at the throat. 

3. ASARUM HETEROPHYLLUM, W. W. Ashe, Contrib. 
from Herb. No. 1. (1897). 

Leaf-blades orbicular, ovate or triangular in outline, 
cordate at base (or occasionally almost hastate), about 
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the same size as in the above; calyx campanulate, rounded 
at base, the tube .7-lcm long, the lobes nearly equaling 
it in length, .8-lcm wide at base; orange-purple. or pur- 
ple-brown without, brighter within, the very stout barely 
notched style much prolonged beyond the minute round 
stigma; capsule short, cylindrous, barely as long as the 
stamens, scarcely distending the calyx; seed oval. 

Mountains of North Carolina, Tennessee and Virginia. 
Frequent. At once separated from the preceding species 
by the campanulate calyx, and from A. A/emmingeri by 
its open throat and loager calyx lobes. 

ASARUM HETEROPHYLLUM OCHRANTHUM, W. W. 
Ashe, Contrib. from Herb. No. 1. (1897). 

Calyx yellow or orange, oblong-campanulate., the 
spreading lobes as long as the lem long tube. No. 18,263 
U.S. Nat. TIerb.; East Tennessee : 1. If. Parry. 

b) Ca’ys urceolat? or somewhat contracted at the mouth, 
the cval stigina thicker than tue s’ender deeply 2-parted 
projection of the style, and piaced near the base of the 
style. 

4. ASARUM MEMMINGERI, W. W. Ashe, Contrib. 
from Herb. No. 1. (1897). 

Leaf-blades about the size of those of A. macranthum, 
nearly orbicular and retuse, or less commonly ovate, their 
margin entire; petiole often scarcely longer than the leaf- 
blade; calyx 1.2-1.5cm long, urceolate or urceolate-cam- 
panulate, the mouth 7mm or less wide, the short lobes 
barely 3mm long; the large oval stigma near the base of 
the stvle, the very slender, deeply bifid or rarely entire 
projection as long the stigma; capsule short-cylindrical, 
when mature greatly distending the calyx; seed sharply 
triangular. 

West Virginia to North and South Carolina. Frequent 
above 700m altitude. Type locality: Mitchell county, N. 
C. Named for Mr. E. R. Memminver. 

5. SARUM CALLIFOLIUM Small, Bul. Tor. Cl. 24:7. 


ical-ldades ovate, cr nulate on the margins; petiole 2b 





— 
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times as long as the leaf-blade, slightly pubescent; 
bracts reniform; peduncles not longer than the calyx; 
calyx urceolate, 1.5-2.5cm long, dark green without, 
purple within, the segments broadly ovate; the large oval 
stigma at the base of the style, the slender projection 
deeply 2-cleft. 

West Florida. A species recently described by Dr. 
Small from Dr. Chapman's collection. 

(a) Leaf-blades, or some of them, halbert-shaped at base; the projec- 


tion of the style cleft to the top of the large ovate stigma; anther 
short- pointed. 


6, ASARUM ARIFOLIUM Michx. Fl. Bor. Am. 1:279. 

Asarum Virginicum Walt., Fl. 143. 

Leaf-blade 6-10cm long, 5-12cm wide, ovate or trian- 
gular in outline, halbert-shaped, or rarely round-cordate 
at base, rounded or pointed at the apex; petiole short or 
long; calyx from 1.5-2.3cm long, urceolate, rounded at 
base, much contracted at the throat, the triangular loeb- 
spreading, firm in texture, greenish-purple without, pur- 
ple-brown within; stigma large, ovate, at the base of the 
stvle, the prolongation cleft to the top of the stigma. 

Virginia to southern Georgia and Alabama. Common 
throughout its distribution. Extends in the Carolinas 
from the sea level to an altitude of about 600m. Prob- 
ably does not occur in the mountains of Virginia, all 
specimens which I have seen from there being referable 
to the next. A very variable species both in habit and 
form. 

7. AsARUM Ruta, W. W. Ashe, Contrib. from Herb. 
No. 1. (1897). 

Leaf-blades halbert-shaped, usually broader than long, 
commonly larger than in the preceding, deep green; calyx 
cylindro-ovate, rounded and larger at the base, gradually 
narrowed toward the mouth, 2.5-3cm long, 1-1.2cm wide, 
the rounded lobes barely 5mm wide at base, not spread- 
ing, purplish-green without, duller within; stigmas and 
styles similar to those of the preceding. 
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Southwestern Virginia to Alabama in the mountains, 
but not occurring above 800m. Named for Prof. Albert 


Ruth, who sent the species to me. At once separated 
from A. ari/folium by its cylindrous calyx, its tube not 
being contracted at the throat as is that of A. aré/olium. 
Type locality: Morristown, Tenn. 











